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Timsah LakeAbstract The green algae (Ulva lactuca and Enteromorpha clathrata) and the clams (Tapes decus-
sates and Venerupis aurea) grow together in Timsah Lake, Suez Canal, Egypt. Our ultimate goal is
to validate the bioaccumulation of gasoline in the marine organisms and their behavior after expo-
sure to the pollutant, experimentally. These species were treated with a serial treatment of gasoline
(1000, 4000, 16,000 and 64,000 ll) in aquaria with brackish sea-water for 72 h. The tested green
algae and clams were taken for an analysis of total hydrocarbon accumulation daily. The statistical
analysis showed signiﬁcant differences between the four species and also between the duration of
exposure. The accumulation of gasoline in U. lactuca and E. clathrata reached their maximum after
48 h at 1000 and 4000 ll. The highest absorption was registered after 24 h only at 16,000 and at
64,000 ll. U. lactuca recorded complete mortality in 64,000 ll at 72 h whereas E. clathrata registered
death at 48 h and 72 h in the same treatment. V. aurea was more sensitive than T. decussates. The
accumulation of gasoline reached its maximum in V. aurea after only 24 h in the ﬁrst treatment
while it retarded to 48 h in T. decussates with a lesser accumulation. However, both clam species
accumulated the highest amount of petroleum hydrocarbons during the ﬁrst hour of exposure at
the ﬁrst treatment. In the third and fourth treatments, clams did not accumulate gasoline but began
to dispose it from their tissues till it became less than that in the control. Mortality gradually
increased with time in each treatment except the last one (64,000 ll) in which 100% death of the
specimens was observed. In general, the bioaccumulation of gasoline level was in a descending order
as follows: U. lactuca> E. clathrata> V. aurea> T. decussates. Their behavior changed from
accumulation to detoxiﬁcation with time and with the increase in pollutant concentration.
Generally, these marine biota are sensitive to hydrocarbons and can be used as biomonitors to con-
taminants in aquatic environments except T. decussates that we recommend the possibility of using
it as a good biomonitor in the sediment rather than in the water column.
ª 2015 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Oil hydrocarbons, such as gasoline, are the most ubiquitous
organic contaminants in the marine environment, often at a
92 G.A. El-Shoubaky, S.H. Mohammadhigh level in areas submitted to intense ship trafﬁc (National
Research Council, 2003 and Chen et al., 2008). Gasoline is a
light volatile oil that makes up about 20% of crude oil
(Paixao et al., 2007). The presence of saturated bonds only
makes reactions with alkanes difﬁcult; hence they are very
resistant to degradation. Beaching of gasoline may occur if a
spill occurs near the shore and the wind in the right direction
(Lobban and Harrison, 1994). Gasoline may adhere to rocks,
plants and animals, or be penetrated into the sediments if a dis-
persant is used. Generally, it affects directly and indirectly
aquatic organisms that live in the upper water column and also
that live on the bottom having great gasoline varying from spe-
cies to species within a particular taxonomic group; it is recog-
nized that some groups are more sensitive than others.
Seaweeds and bivalves were of interest because of implications
to the marine environment and human health (Zhou et al.,
1996 and Allen et al., 2002). They accumulated pollutants in
their tissues and hence are considered to be good bioindicators
of contamination (Favero et al., 1996; Callow and Callow,
2000 and Carro et al., 2005). Nechev et al. (2002) also used
the green algae and the bivalves as biomonitors of diesel fuel
pollution.
Timsah Lake has an economic importance to Ismailia city.
It is exposed to human and anthropogenic processes as ﬁsh-
eries and industrial activities, ship trafﬁc discharges, untreated
sewage and waste water discharges. It received high inputs of
organic matter, in addition to chemical pollutants mainly of
polycyclic aromatic hydrocarbons (PAH) and heavy metals
(Mostafa, 2002). Enteromorpha clathrata and Ulva lactuca
were visible as predominant lush mats of green seaweeds in
Timsah Lake annually and these macroalgal blooms appeared
during spring season (El Shoubaky and Hamed, 2006 and El
Shoubaky, 2015). These are among the world’s most common
fouling algae (Callow and Callow, 2000). Several Ulva and
Enteromorpha species are used as bio indicators of pollution
(Favero et al., 1996), due to eutrophication and harmful effects
to the environment (Blomster et al., 2002).
The assessment of oil impact on biological community
ranges from minimal damage to severe destruction of exposed
ﬂoras. Csaba and Csaba (2011) mentioned that aquatic algae
and seaweed respond variably to oil, and oil spills may result
in die-offs for some species. They also revealed that oil can pre-
vent the germination and growth of aquatic plants. The green
algae U. lactuca, Chaetomorpha aerea and Enteromorpha
intestinalis showed damage with the effects being most severe
on the highest occurring Enteromorpha sp. (Foster et al.,
1970,1971).
On the other hand, many studies reported the occurrence of
petroleum hydrocarbons in bivalve molluscs taken from the
environment (Veerasingam et al., 2011). The uptake of petro-
leum hydrocarbons by the bivalve had also been shown to
occur under laboratory conditions (Neff, 2002). Ganning
et al. (2003), Boehm and Quinn (2004) and Marigomez et al.
(2006) also assessed the accumulation and retention of petro-
leum hydrocarbons by bivalves experimentally. Among
bivalves, clams are common in most of the Mediterranean
and Red seas coastal areas. Tapes decussates and Venerupis
aurea are one of the most abundant species in macro-benthic
communities with respect to both density and biomass in
Timsah Lake. These edible clams are distributed from inter-
tidal zones to a water depth of approximately 2 m.Clams usually live in the top 10 cm of the sediments and
extend their siphons to take in water containing organic mate-
rials, including plankton, for food (Kasai et al., 2004). Due to
the ability of clams to accumulate pollutants, they were often
used as an indicator of contamination levels in situ (Luisa
et al., 2007 and Qiao et al., 2011). Neff (2002) documented that
the bivalves, which ﬁlter large volumes of water while feeding,
can take up and concentrate petroleum hydrocarbons from the
water, either from solution or adsorbed to suspended particles.
The present work aimed to evaluate: (1) the effect of gasoline
on the marine organisms (green algae and bivalves) as in their
bioaccumulation (2) the possibility of their use as biomonitors
of gasoline pollution (3) the change in their behavior after their
exposure to this pollutant, experimentally.
Materials and methods
Specimens collected location
Specimens of two green algae, U. lactuca (Linnaeus, 1753) and
E. clathrata (Greville, 1830) as well as two clams (Tapes decus-
satus (Linnaeus, 1758) and V. aurea (Gmelin, 1791)) were used
for the experiment. The algae and clams were collected in April
2014 from El Taween Beach, southern part of Timsah Lake
(30330 and 30350 N latitude and 30160 and 32190 E longi-
tude), Suez Canal, Egypt (Fig. 1).
Experimental technique
The samples of algae and clams were transported to the labo-
ratory, and then transferred directly to aquaria 48 h prior to
starting the assay. After this acclimation period, groups of
500 g of each alga and clam species were maintained together
in 20 L glass aquaria containing 10 L sea-water. The experi-
ment included 5 aquaria in duplicates and we calculated the
mean of results. The control (without any treatment) and four
different aquaria were exposed to gasoline concentrations in
ascending series (1000, 4000, 16,000 and 64,000 ll). Dead
clams were removed and counted for mortality estimation.
The survival samples of algae and clams were periodically
taken for analysis after 24 h for three days. All aquaria were
continuously aerated under laboratory temperature of
25 ± 2 C with light/dark cycle (12:12).
Extraction and determination of gasoline from algal and bivalve
tissues
10–20 g of freeze biota samples was extracted in a soxhlet
(Electromantle ME, England) with 250 ml methylene chloride.
The siphon cycle was carried out by Rotary evaporator
(Heidolph VV2000, Germany) for 20–30 min and it was
repeated at least 10 times. After complete extraction the sol-
vent was evaporated over low heat (35 C) to a volume of less
than 20 ml. The extract was transferred to a 25 ml measuring
ﬂask. The soxhlet extraction ﬂask was rinsed with methylene
chloride and the rinse was used to make the volume up to
25 ml. Three ml of extract was transferred to a 10 ml measur-
ing ﬂask and the volume was increased to 10 ml mark with
n-hexane. Clean-up is made to remove non-petroleum materi-
als which may interfere in the analysis. An appropriate size
Figure 1 Satellite image taken from South NASA showing (a) Suez Canal (b) Timsah Lake and (c) El-Taween area.
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ﬁtted with a glass wool plug to about 5 cm with aluminum
oxide. The extract is placed in aliquots (0.2–0.3 ml each).
The solvent and elute with 5 ml n-hexane are evaporated and
the quantity coming out of the column is discarded. An elution
with a mixture of n-hexane/methylene chloride (7:3 v/v) is
performed and increased to 10 ml in a graduated vial. The vial
is covered and then the extract is used for analysis by digital
spectroﬂuorometer (Sequoi – Turner corporation, USA, model
450 with NB 360 for excitation and SC 415 for emission ﬁlters)
to determine the total petroleum hydrocarbons of gasoline
according to UNEP (1992).
Transfer factor
The transfer factor (TF) in algal and clam tissues from the
aquatic ecosystem was calculated according to the formula
(Kalfakakour and Akrida-Demertzi, 2000) as follows:
TF ¼ Htissue=Hwater
where, Htissue = the hydrocarbon concentration in biota tissue
and Hwater = the hydrocarbon concentration in water.
Statistical analysis
Statistical analysis was evaluated by Microsoft Excel package
and SPSS 18.0 for windows. A two way analysis of variance
was conducted to clarify the signiﬁcant (p < 0.05) in gasolineabsorption between the four species as well as between dura-
tions of exposure. Multivariate Principal Factor analysis was
carried out by Minitab 17 to show the Correlation Matrix
between the four species.
Results and discussion
The spectroﬂuorometer analysis revealed that the concentra-
tion of gasoline in the four species at 24 h, 48 h and 72 h of
exposure varied and it was greater than in zero time (control).
A two way ANOVA analysis showed signiﬁcant difference
between the four species compared to the controlled condition
(F= 3.208, p< 0.05). In general, gasoline bioaccumulation
differed signiﬁcantly between the four species, different treat-
ments and also between durations (p< 0.01).
Seaweed toxicity conducted in this study was limited by the
duration of exposure time from 24 h to 72 h as shown in Fig. 2.
At zero hour (0 h) before any treatment, the levels of hydrocar-
bon in U. lactuca and E. clathrata recorded 0.219 lg/g and
0.314 lg/g, respectively. It was noticed that the concentration
of gasoline increased after 24 h for all the treatments. The
accumulation of gasoline in U. lactuca and E. clathrata
reached their maximum after 48 h at 1000 (1.116 and
0.912 lg/g) and 4000 ll (5.228 and 4.279 lg/g) correspond-
ingly. The highest absorption was registered after 24 h only
at 16,000 ll and at 64,000 ll recording 1.038 lg/g and
1.218 lg/g for U. lactuca and 1.004 lg/g and 1.146 lg/g for
E. clathrata, respectively. Generally, the accumulation of
94 G.A. El-Shoubaky, S.H. Mohammadgasoline in our study was always higher in U. lactuca than in
E. clathrata. And there was a signiﬁcant difference in gasoline
absorption between the two species (p< 0.05).
With the strength of exposure, the bioaccumulation of gaso-
line in the two algal species decreased after 72 h in all the treat-
ments. U. lactuca recorded complete mortality in 64,000 ll at
72 h whereas E. clathrata registered death at 48 h and 72 h in
the same treatment. It is obvious that E. clathrata was less tol-
erant than U. lactuca, in spite of its ﬂourishing together with
U. lactuca in Lake Timsah as a blooming phenomenon in
polluted areas (El Shoubaky and Hamed, 2006 and El
Shoubaky, 2015). This is in agreement with O’Sullivan and
Jacques (1991) who found that after the damage by oil pollu-
tion, blooms of opportunistic green algae such as Enteromorpha
have occurred as oil spills affecting rocky shores. These were
accompanied by settlements of U. lactuca. O’Brien and Dixon
(1976) also assessed the inﬂuence of oils on certain macro-
phytic algae. They mentioned that U. lactuca, Chaetomorpha
aerea, and Enteromorpha intestinalis showed damage with
the effects being most severe on the highest occurring
Enteromorpha where the oil was stranded for long periods.
The effect of oil may attribute to the ﬁndings of Lobban
and Harrison (1994). They mentioned that the toxic effects
of oil on algal metabolism fall into two categories: those asso-
ciated with coating of the organism and those due to uptake of
hydrocarbons and the subsequent disruption of cellular meta-
bolism. In the case of coating, there is a reduction in diffusion
of CO2 into the plant and some reduction of light penetration.
The second category, disruption of cell metabolism, has been
examined primarily by monitoring changes in photosynthesis,
respiration, growth, pigment content, morphology and ultra-
structure. Schramm (1972a,b) previously also evaluated the
effects of oil coating on gas exchange and photosynthetic activ-
ity of several algae when he applied varying thicknesses of
three different crude oils to thallus surfaces and measured
CO2 uptake during emersion carbon compared with normal
values for the algae. Inhibition of algal DNA and RNA activ-
ity has also been reported upon exposure to high concentra-
tions of crude oil (Davavin et al., 1975). Alternatively, the
penetration of oil depends on the covering on the thallus.0
1
2
3
4
5
0h 24h 48h 72h
G
as
ol
in
e 
ab
so
rb
. (
μg
/g
)
Exposure duraon & gasoline treatment
(a) Ulva lactuca Enteromorpha clathrata (
0
1
2
3
4
5
0h 24h 48h 72h
G
as
ol
in
e 
ab
so
rb
. (
μg
/g
)
Exposure duraon & gasoline treatment
(c) Ulva lactuca Enteromorpha clathrata (
Figure 2 Bioaccumulation of gasoline in Ulva lactuca and Enteromor
(d) of gasoline treatment.The sensitivity to gasoline varied between species as clear in
our experiment (Fig. 3). V. aurea was more sensitive than
T. decussates. This was obvious from the higher gasoline
concentrations in V. aurea tissue (0.123 lg/g) than that in
T. decussates (0.099 lg/g) in the control. Also, the accumula-
tion of gasoline reached its maximum (0.372 lg/g) in V. aurea
after only 24 h in the ﬁrst treatment while it retarded to 48 h in
T. decussates with a lesser accumulation (0.154 lg/g).
However, both clam species accumulated the highest amount
of petroleum hydrocarbons during the ﬁrst hour of exposure
at the ﬁrst treatment. Our observation is conﬁrmed by (Farid
et al., 2012). They recorded that the bivalve Corbicula
ﬂuminalis accumulated to large amounts of petroleum hydro-
carbons after initial exposure to petroleum. Bivalves are
generally very sensitive to dispersed droplets of oil in water.
These ﬁlter feeder organisms with low mobility make them
qualiﬁed candidates for biomonitoring of PAHs compounds
in coastal ecosystem (Mahmoudi et al., 2011). That is because
their gills having a micellar layer on their surfaces which are
responsible for the absorption of hydrophobic compounds
such as hydrocarbons (Dame, 1996).
The amount of hydrocarbons accumulation was related to
the initial dose and time as it was shown in the second treat-
ment. The highest concentration was recorded in both clams
(0.579 and 0.096 lg/g for V. aurea and T. decussates, respec-
tively) at 48 h but with signiﬁcant difference between them
(p< 0.01). We can suggest that gasoline concentration in the
ﬁrst treatment was not enough to be recognized by the clams
at the beginning, but as the dosage increased V. aurea began
to recognize the risk; hence it closed their valves and declined
inhalations. It could not withstand more than 24 h, after
which the inhalation rate may become faster and exceeded
the exhalation rate resulted in accumulation of a huge amount
of gasoline.
In the third and fourth treatments, clams did not accumu-
late gasoline but began to dispose it from their tissues till it
became less than that in the control. This was also the case
in the ﬁrst two treatments in the last duration. This observa-
tion was previously mentioned by Nunes and Benville (2003)
who recorded the ejection of petroleum hydrocarbons from0
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Figure 3 Bioaccumulation of gasoline in Tapes decussates and Venerupis aurea at 1000 ll (a), 4000 ll (b), 16,000 ll (c) and 64,000 ll (d)
of gasoline treatment.
Bioaccumulation of gasoline in brackish green algae and popular clams 95bivalves after oil spill. We may relate it to speciﬁc enzyme or
defense mechanism inside each living organism to face and
overcome pollution risks. Marsha et al. (1997) previously
referred to this. They stated that clams may have crucial
enzymes or pathways for detoxiﬁcation or repair processes.
Farid et al. (2012) mentioned that the bivalve can release extre-
mely large amounts of petroleum hydrocarbons to the environ-
ment by means of their mucus oil binding mechanism. In all
living cells the excretion of xenobiotics occurs via membrane
bound pumps, which belong to the group of ABC-
transporters (ATP-binding cassette). These pumps export a
huge variety of substances (non metabolize form) directly out-
side cell. Whereas metabolized form of the different detoxiﬁca-
tions together with the hormones (which are naturally
produced in the body) are transported via multi-drug-
resistance associated proteins (MRPs). The multi-drug-
resistance mechanism was discovered for the ﬁrst time in
human cancer cells, explaining the short abidance of speciﬁc
cancer medicine in according cells (Chan et al., 2004).This
excretion mechanism that is considered as an essential part
of eukaryotic cells detoxiﬁcation system, was also discovered
in aquatic organisms such as ﬁshes, sponges and mussels
bivalves (Sheehan and Power, 1999). For these aquatic organ-
isms, being continuously in contact with the surrounding med-
ium, this so called multi-xenobiotic-resistance (MXR)
mechanism turned out to be a primary defense under strong
contamination regimes (Smital et al., 2000). Alternatively, we
can conclude that accumulation of gasoline in the clams is
greatly reduced by multi-xenobiotic-resistance mechanism
after long time of exposure (72 h in the ﬁrst and second treat-
ments) or when exposed to strong contamination regimes
(16,000 and 64,000 ll in the third and fourth treatments).
The clams continued in detoxiﬁcation till they reached a level
of contamination less than that in the control. However, gaso-
line accumulation in the clam tissues was highly signiﬁcantly
different between the two species.Accordingly, hydrocarbon bioaccumulation which ﬂuctu-
ated dissimilarly in clams did not reﬂect the environmental
concentrations. So, we tried to use transfer factor as another
tool for interpretation the trend in the bioaccumulation with
the increasing pollution. Fig. 4 shows that the algal transfer
factor increased as water gasoline concentration increased,
and they reached their maximum (0.03 and 0.025 for U. lactuca
and E. clathrata, respectively) at 4000 ll. Then the algal cell
membranes began to lose control on their cells which led to
sharp expulsion of the gasoline even they fell below the con-
centration of the control at 0 h. It is also clear that the bioac-
cumulation rate of U. lactuca became faster than that of E.
clathrata after exposure to the sudden pollutant (compared
with control) also, E. clathrata was more sensitive to gasoline
as their cells lost their control and got rid of the pollutant, and
may be their contents also, in a rate faster than that of U.
lactuca.
Fig. 4 also elucidates that by the increasing gasoline con-
centration in water (up to 1000 ll) there was an increase in
the accumulation of the bivalve tissue by the same rate. At
the second concentration (4000 ll) the behavior of T. decus-
sates differed, the exhalation rate may have exceeded the
inhalation rate many times resulting in a sharp decline of gaso-
line in the tissue. The clams continued to dispose the contam-
inant till reaching the transfer factor equal to 0.0005 in the
highest treatment. Accumulation patterns of pollutants are
dependent on both uptake and elimination rates of hydrocar-
bon (Gomaa et al., 1995). For V. aurea, its defense mechanism
retarded to begin till the third concentration (16,000 ll). Thus
the contamination exhausted this species making a wide differ-
ence between exhalation and inhalation rates, resulting in its
death. i.e. the sensitivity to pollution differs from one species
to another. Also, T. decussates withstands the extremely bad
condition of pollution because it can regulate and expel
the pollutant from their tissues according to its good
mechanism.
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Figure 4 Bioaccumulation of gasoline in the studied species in comparison with the water gasoline concentration.
96 G.A. El-Shoubaky, S.H. MohammadCorrelation Matrix by the Multivariate analysis conﬁrmed
our ﬁnding, the two green algae U. lactuca and E. clathrata
then followed by the clam V. aurea were more accumulative
to gasoline treatments than the clam T. decussates. It can
separate T. decussates from the other studied species (Fig. 5).
So, a necessity of being cautious when using this species as a
sentinel organism, at least in biomonitoring of hydrocarbons
is needed. Interestingly, this species may be considered to be
a better indicator within the sediments than water column.
Ahn et al. (2006) recommended the use of some closely related
species, Ruditapes philippinarum, as an indicator of contamina-
tion levels in coastal sediments only. Wang et al. (2010) also
found a strong correlation between sediment-bound metals
and the body burden of this species. So, we suppose the use
of T. decussates as a sediment biomonitor and this will require
more future studies.
It is clear that the bioaccumulation of gasoline in algae
exceeded that in the clams by two or three times. This may
be due to the enclosing of the clams within shells which
prevents direct contact with the contaminant. Hence, algae
are considered as better biomonitors for pollution than
bivalves or other organisms with hard exoskeleton. Csaba
and Csaba (2011) also mentioned that aquatic algae and
seaweeds respond variably to oil, and oil spills may result in0.20.10.0
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Figure 5 Principal component analysis of gasolinedie-offs for some species. The toxic effects of oil on algae
may be categorized as those associated with the coating of
the fronds, e.g. coating by oil is likely to reduce CO2 diffusion
and light penetration to the plant, and those attributable to the
uptake of hydrocarbons and subsequent disruption of cellular
metabolism (Lobban and Harrison, 1994).
There were no mortalities among the bivalves in the con-
trol. The mortality was estimated after excluding and counting
dead clams from each treatment at a periodic time for each
treatment (Fig. 6). Mortality conﬁrmed our suggestion,
V. aurea was more sensitive than T. decussates to gasoline.
Its mortality gradually increased with time in each treatment
except the last one (64,000 ll) in which 100% death of the
specimens were recorded at the ﬁrst duration. The intensive
contamination makes the bivalves close their shells, withdraw
their siphons. As a result no food intake occurred due to
signiﬁcant periods of reduced siphoning. The relation between
contamination and reduced siphoning was previously dis-
cussed by Marsha et al. (1997). On the other hand, mortality
of T. decussates constituted only 1% and 9% in the ﬁrst and
third treatments. Maximum mortality (80%) was observed in
the fourth treatment at 48 h. Variation in mortalities between
the two clams was highly signiﬁcant (p< 0.001). Alternatively,
T. decussates was more tolerant than V. aurea.0.60.50.40.3
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Bioaccumulation of gasoline in brackish green algae and popular clams 97In general, our ﬁndings reinforce the sensitivity of
U. lactuca, E. clathrata and V. aurea to damage caused by
exposure to experimental contaminants, and therefore sub-
stantiate their use in environmental monitoring studies.
Accumulation of these substances can result in toxicity or
mortality, and can ultimately cause population declines and
subsequent loss of aquatic ecosystem diversity and stability.
Hence, algae are considered as better biomonitors for pollu-
tion in the water than clams or other organisms with hard
exoskeleton, whereas the clams T. decussates are recommended
to monitor the sediment pollution.
Conclusion
All the investigated organisms were treated with the same vol-
umes of gasoline (1000, 4000, 16,000 and 64,000 ll) for three
continuous days. The bioaccumulation of gasoline in algae
exceeded that in the clams by two or three folds. Comparing
the bioaccumulation potential of T. decussates with the other
algal and clam species, our data indicate a lesser capability
for its contaminant accumulation. The bioaccumulation of
gasoline level was in a descending order as follows:U. lactuca>
E. clathrata> V. aurea> T. decussates. The green algae and
the clam V. aurea are considered to be interesting model
organisms than T. decussates for evaluating the action of
pollutants in aquatic environment.
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